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Expressive Flexibility and Affective Flexibility: Relation to Each Other and the Effects of 
Practice and Feedback Instruction 
Zhuoying Zhu 
Theory and research on emotion regulation  have shifted from an emphasis on 
adaptiveness of specific regulatory strategies to regulatory flexibility according 
situational demands. Using the process model of flexible regulation (Bonanno & Burton, 
2013), this dissertation reports two studies designed to investigate questions related to 
regulatory repertoire and responsiveness to feedback (two central components 
underpinning regulatory flexibility), respectively.  In Study 1, participants undertook the 
Expressive Flexibility Task (EF Task), in which they were instructed to up- and down-
regulate their emotional facial expressions, and the Affective Flexibility Task (AF Task), 
in which they were instructed to up- and down-regulate their subjective feelings. The 
results showed that the ability to enhance emotional expression, as rated by untrained 
observers, and the ability to enhance subjective feeling, as measured by facial 
electromyography (EMG), were moderately correlated, so were the abilities to suppress 
emotional expression and subjective feeling, suggesting regulation in distinct response 
systems are separable but also reflect a broader, unified capacity. In Study 2, extra trials 
(2nd phase) were added to examine the effect of practice and feedback instruction on 
expressive and affective regulatory abilities. Half of the participants were given 
predetermined negative feedback about their performance of the EF and AF Tasks and 
asked to try harder in the 2nd phase of the tasks (feedback group), and the other half were 
instructed to wait before proceeding to the 2nd task phases (control group). The two 
   
 
 
groups demonstrated comparable improvement in the ability to further enhance subjective 
feeling in the 2nd phase of the tasks, as measured by facial EMG. The feedback group also 
reported more or less emotion in accordance to the regulatory instructions in the 2nd task 
phases.  Furthermore, both the abilities to further enhance and suppress subjective feeling 
as measured by facial EMG were negatively correlated with depressive symptoms and 
general distress, regardless of group status. The findings were discussed within the 
regulatory flexibility framework. Methodological limitations of the study and direction 
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Expressive Flexibility and Affective Flexibility: Relation to Each Other and the 
Effects of Practice and Feedback Instruction 
Emotion is an integral part of human life. We feel joy at the birth of a child, sadness 
over the passing of a loved one, excitement at the winning of a favorite sports team, and 
anger over the oppression of an autocratic government. Yet, excessive or inappropriate 
emotional responses may adversely affect physical health (Adler & Matthews, 1994), 
psychological well-being (Kennedy-Moore & Watson, 2001; Kring & Werner, 2004), as 
well as personal (Levenson & Gottman, 1983) and social relationships (Coyne, 1976; 
Gottlieb, 1991). The debate over whether it is better to express or suppress emotion has 
persisted throughout history, but a fairly consistent view has emerged over the past decades 
that suggests that both behaviors can serve adaptive functions while exerting some cost 
(Bonanno, 2001; Gross, 1998a), and that whether one expresses or suppresses emotion is 
not as important for adjustment as the ability to flexibly regulate emotion as demanded by 
the situational context (Barrett & Gross, 2001; Bonanno, 2001; Consedine, Magai, & 
Bonanno, 2002; Bonanno, Papa, Lalande, Westphal, & Coifman, 2004; Parrott, 1993; 
Westphal, Seivert, & Bonanno, 2010).  
Despite the intuitive appeal of the flexibility account, the construct has remained 
elusive in the study of emotion regulation (see Cheng, 2001 for a coping flexibility account; 
see Kashdan & Rotternberg, 2010 for a psychological flexibility account). The need for 
clarification and verification of the flexibility construct is made more important given the 
growing interests in designing and implementing clinical treatment to promote flexibility 
in emotion regulation (e.g., Hayes, Strosahl, & Wilson, 1999; Mennin & Fresco, 2010). 
Bonanno and Burton (2013) have compiled existing theoretical and empirical evidence and 
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put forth a process model of regulatory flexibility that provides heuristic guidelines for new 
investigation of this construct. Using the model, this dissertation attempts to address 
several important issues in flexible emotion regulation.  
The flexible regulation model proposes three sequential regulatory abilities that 
promote psychological health (Bonanno & Burton, 2013), namely context sensitivity, 
regulatory repertoire, and responsiveness to feedback. The regulatory repertoire 
component addresses the adaptive value of a large or diverse regulatory repository from 
which individuals could choose to regulate their emotions in various dynamic situations.  
An important question remains as to whether different regulatory abilities are related or 
separate. Elucidation of this question could facilitate understanding of a wide range of 
psychopathology in which difficulty in emotion regulation is manifested differently across 
emotional response domains (e.g., lack of facial expression modulation but 
intact/heightened subjective experience in Schizophrenia; Kring & Werner, 2004).  
Another question in relation to regulatory strategies is that whether certain timing of 
regulation is inherently more effective, a stance current research tends to adopt (see Gross, 
1998b; Gross, 2001, for reviews).   
The first study in this dissertation addresses these two questions. In the study, 
participants performed the expressive flexibility task (EF task) (Bonanno et al., 2004), 
which assesses the ability to up- and down-regulate facial expression of emotion, and the 
affective flexibility task (AF task), developed in parallel to the EF task, which measures 
the ability to up- and down-regulate subjective feeling of emotion. Comparison of the 
performance of the two tasks adresses the question of whether the abilities to regulate 
expressive behavior and subjective feeling of emotion are separate or related (Question 1)? 
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The time courses of corrugator activity, measured by electromyography (EMG), before and 
following the onset of emotional stimuli across different regulatory instructions in the AF 
task were compared to examine the effect of timing on distinct regulatory goals (Question 
2).   
  The last component of flexible regulation, responsiveness to feedback, is defined 
as the ability to monitor efficacy of the regulatory process and readjust regulatory efforts 
accordingly (Bonanno & Burton, 2013). Despite the fact that using feedback to monitor 
and adjust behaviors has long been proposed as a pivotal component in self-regulatory 
processes (Bandura, 1991; Carver & Scheier, 1998), including emotion regulation (Gross 
& Thompson, 2007), no research has insofar directly investigated the construct in emotion 
regulatory behaviors and its impact on mental health. Running simultaneously with Study 
1, Study 2 provided participants negative feedback on their performance of the EF and AF 
tasks and added trials to investigate 1) whether participants improved in regulatory abilities 
following feedback (Question 3), and 2) whether improvement in regulation following 
feedback was associated with better psychological functioning (Question 4). A control 
group was also included, which allowed for separation of the feedback effect (specific to 
the experimental group) from the practice effect (common to both experimental and control 
groups). The structure and procedure of the two studies are presented graphically in Figure 
1.  
Study 1: Expressive Flexibility and Affective Flexibility:  
Relation to Each Other and the Time Course of Affective Regulation 
It is widely acknowledged that emotions are not unidimensional phenomena but 
manifest themselves through multiple response channels, including emotional experience, 
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expression, and physiology (e.g., Ekman, 1992; Izard, 1977; Lang, 1988). Each of these 
components is proposed to serve distinct adaptive functions (Bonanno, 2001; Keltner & 
Gross, 1999) and dysregulation in any of these emotional response channels may 
compromise well-being (Kring & Werner, 2004). Many studies have examined the 
consequences of specific emotion regulatory strategies in various response domains (e.g., 
Gross, 1998b; Gross & Levenson, 1993, 1997; Ochsner et al., 2004), yet no study has 
investigated the relation of the abilities to regulate emotion in distinct emotion response 
channels. The present study addresses this gap in the literature by comparing individuals’ 
abilities to regulate emotional expression and affective experience by using a well-
established expressive flexibility paradigm (EF task; Bonanno et al., 2004), and a newly 
developed, parallel affective flexibility paradigm (AF task), respectively.  
Activation in different emotional response systems is proposed to serve distinct 
functions for survival or adjustment. Facial expressions of emotion are evolved to serve 
communicative purposes (e.g., Ekman, 1984; Scherer, 1984); subjective experience 
facilitates information processing for judgments and decision making (e.g., Frijda, 1988); 
and physiological responses of emotion prepare readiness for goal-directed actions (e.g., 
Levenson, 1992).  Furthermore, as emotional responses in these systems are only “loosely 
coupled” (Bonanno & Keltner, 2004; Lang, 1988), it is expected that regulation of emotion 
can occur either in a relatively coherent fashion which affects some or all response channels, 
or is confined to specific domains. Findings from research on differential consequences 
across multiple response systems of specific emotion regulation strategies support this 
prediction (e.g., Gross & Levenson, 1993). The most widely studied emotion regulation 
strategies are cognitive reappraisal and expressive suppression, with the former referring 
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to early regulatory processes involving reconstruing emotion-eliciting events, and the latter 
to late regulatory efforts of inhibiting outward emotional expressions (Gross, 1998b; 2002). 
It has been found that reappraisal can effectively down-regulate emotional experience and 
expression, and leave autonomic responses unchanged, whereas expressive suppression 
does not alter subjective experience but instead increases autonomic responses (Gross, 
1998b; 2002).   
Although habitual use of expressive suppression tends to lead to worse 
interpersonal relationships and well-being than that of cognitive reappraisal (Gross & John, 
2003; John & Gross, 2007), experimental studies have shown that the ability to regulate 
emotional facial expression is, in fact, associated with better psychological functioning, 
particularly in the context of extreme stress (Bonanno et al., 2004; Gupta & Bonanno, 2011; 
Westphal et al., 2010).  Bonanno and colleagues (Bonanno et al., 2004) developed an 
expressive flexibility (EF) paradigm to investigate individuals’ ability to up- and down-
regulate emotional facial expressions. Participants were shown emotionally provocative 
images, and instructed, in different trails, to enhance emotion expression, suppress emotion 
expression, or behave normally.  Substantial individual differences were found in the 
abilities to enhance (indexed by the difference between enhancement and normal response 
trials) and suppress (indexed by the difference between normal response and suppression 
trails) emotional expressions across participants, and both abilities independently predicted 
better adjustment among college students who experienced September 11 terrorist attack. 
Moreover, a score capturing both enhancement and suppression abilities showed a clearer 
link to improved adjustment. Subsequent studies using the EF paradigm have further 
demonstrated the salutary effects of flexible regulation of emotion expression in other 
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extreme stressors, such as cumulative life stress (Westphal et al., 2010) and the loss of a 
spouse (Gupta & Bonanno, 2011).  
Results from the EF paradigm challenge the prevailing claim that certain emotion 
regulatory strategy is inherently adaptive or maladaptive; they also highlight the dynamic 
and interactive nature of emotional responses and the importance of flexible regulation 
(Aldao, 2013; Bonanno & Burton, 2013; Bonanno et al., 2004; see also Cheng, 2001; 
Kashdan & Rottenberg, 2011).  Relevant to emotion regulation strategies, the flexibility 
account calls for a diverse regulatory repertoire to meet the demands and opportunities in 
ever-changing contexts and situations (Bonanno et al., 2004; Bonanno & Burton, 2013).  
While Bonanno and colleagues’ studies have provided compelling evidence for individual 
differences in people’s ability to regulate emotional expression flexibly, it remains unclear 
whether this ability is correlated with the ability to regulate subjective feeling of emotion. 
This comparison is particularly important given that various forms of psychopathology are 
characterized by emotion regulation difficulties manifested in either distinct emotional 
response channels (e.g., intact subjective experience but flattened facial emotional 
expression in Schizophrenia) or across multiple modalities (e.g., dampened positive 
experience and expression in Major Depressive Disorder; Kring & Werner, 2004).  
To address this question, we asked a group of participants to engage in the EF task, 
as in the previous studies (e.g., Bonanno et al., 2004), and an AF task developed for this 
study.  For the AF Task, participants were instructed to enhance, or suppress the intensity 
of their subjective feeling in response to, or to simply view negative-emotion eliciting 
images. This approach allowed us to directly compare flexible emotional modulation 
abilities in distinct emotion response domains. One of the difficulties in attempting to 
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measure the modulation of affect (i.e., feelings of emotion), however, is that self-reports of 
emotion in such a task are highly susceptible to demand characteristics. We therefore chose 
to use facial electromyography (EMG) to assess affective experience (Bonanno & Burton, 
2013). This approach has proved effective (Jackson, Malmstadt, Larsen, & Davidson, 
2000) and replicable (e.g., Deveney & Pizzagalli, 2008) and has been shown to function 
independently of shifts in visual attention (Urry, 2010). Importantly, facial EMG has 
proven sensitive to variations in affective experience in absence of, and to some extent 
independent of, visible facial displays of emotion (e.g., Cacioppo, Martzke, Petty, & 
Tassinary, 1988; Tassinary & Cacioppo, 1992) and has produced similar results regardless 
of whether participants knew the experimental hypotheses or reported believing a cover 
story (Davis et al., 1995).  
In addition, the continuous measure of affective responding afforded by facial EMG 
allowed us to investigate the second question of the study: possible differential time courses 
of different affective regulatory goals (see Urry, 2009). The emotion regulation process 
can operate on any of the temporally unfolding components in an emotion-generative cycle, 
with early and late regulatory processes impacting the multisystem emotional response 
differentially (Gross, 1998a; Gross & Thompson, 2007). It has been proposed that because 
early regulatory processes operate in an emotion-generating cycle when the level of 
response activation is low, it is more effective and less costly than regulation occurring late 
in the process when the level of response activation is high (Gross, 1998b, 2002).   
The effectiveness of different regulatory processes, however, may also depend on 
distinct regulatory goals. Conceivably, regulation occurring early in the emotion-
generative episode may be more effective when the goal is to suppress or inhibit emotion 
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as the level of emotional activation during which the regulation is initiated is low, which 
is consistent with the regulatory goal. Following the same logic, if the regulatory goal is to 
increase the intensity of emotion, regulatory processes operating late in an emotional 
episode should be more effective when emotional responding has already gained 
momentum. Only one study insofar has tested this idea (Urry, 2009). In the study, 
participants were instructed to increase their emotional response to, to decrease their 
emotional response to, or to simply look at negative images, and to initiate regulation either 
before the image appeared (anticipatory) or during the image presentation (online). The 
results showed that participants were able to increase their corrugator activity and heart 
rate during online but not anticipatory regulation.  In contrast, the results of the decrease 
instruction were not significant in these two response channels for either online or 
anticipatory regulation, as compared to the look instruction. Urry (2009) attributed the null 
results of the decrease instruction to a number of study confounds, particularly the heavy 
cognitive demand of a trial-by-trial design for the resource-taxing emotion regulation task. 
Nevertheless, the study provided initial evidence that the effectiveness of regulatory timing 
may depend on different regulatory goals.  
The current AF task used a block design in which images paired with the same 
regulation instruction were presented in the same block, so the task demand was reduced 
by eliminating the need for goal switching in each trial. We were interested in whether 
differential patterns of corrugator activity in accordance with the two regulatory goals 
(enhancement and suppression) would emerge before and after the onset of emotion-
provoking images, which correspond to early and late processes of regulation, respectively. 
Based on the “activation-consistent” assumption of the effectiveness of emotion regulation 
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(i.e., the effectiveness of regulation depends on the match between the level of emotional 
responding at the time of regulation and the direction of regulation; Gross, 1998b; Urry, 
2009), we expect that elevation of corrugator response in the enhancement condition would 
be larger after picture onset than before picture onset, whereas the dampened corrugator 
response in the suppression condition would be more pronounced, or at least at a similar 
level, in the pre-picture period as compared to post-picture period.   
Method 
Subjects 
Subjects were recruited through Craigslist advertisements and fliers posted on 
public billboards in the Morningside area in New York City. One hundred subjects 
participated in the study, of which three refused to be videotaped in the EF task, and three 
provided no or invalid EMG data in the AF task, leading to a final sample of 94 after 
excluding these participants’ data from the analysis.  The age range of the final sample was 
19−62 years old (M=34.39, SD=11.517). There were 45 males (47.9%), 48 females 
(51.1%) and 1 unspecified gender (1%), with 18 Asians or Asian-Americans  (19.1%), 36 
African Americans (38.3%),  25 Caucasians (26.6%), and 15 of other ethnicities (16.0 %).  
Procedure 
Participants undertook the EF and AF taska in a counterbalanced order, and 
received $20 in compensation.   
 
Expressive Flexibility Task 
The EF task was adapted from the paradigm developed by Bonanno et al. (2004).  
Participants were told that the purpose of the study was to investigate how people 
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communicate their emotion through facial expressions. The task was presented on a Dell 
computer and programmed in MediaLab software v2012 (Empirisoft, New York, NY).  
During the practice phase, participants were presented a block of five negative-emotion 
eliciting pictures from the International Affective Picture System (IAPS; Lang, Bradley, & 
Cuthbert, 2008) on a computer monitor and asked to rate how much emotion they felt in 
response to the block of pictures on a 7-point Likert scale (1=“no emotion”; 7=“extreme 
emotion”).  
Following practice trials, participants were informed that another participant in the 
study would act as an observer and attempt to determine their emotions in response to each 
picture, and that they should follow the instructions on the computer monitor to either, 1) 
enhance their facial expressions as fully as possible so the observing person could more 
readily determine their emotions, 2) suppress their facial expressions as fully as possible 
so that the observing person could not determine their emotions as readily, or 3) behave as 
they naturally would if the monitor was turned off (see Appendix for detailed EF 
instructions).  Participants were then left alone and individually completed three blocks of 
negative pictures. Each block comprised five negative pictures from the IAPS (Lang et al., 
2008), and was randomly paired with one of the regulation instructions (enhancement, 
suppression and normal response). Each picture was presented for 7 sec with a proceeding 
auditory beep lasting for 1 sec. Instructions for expressive regulation were presented before 
each block, and emotion ratings followed the completion of each block. The valence and 
arousal of the selected pictures were balanced across blocks based on the normative 
subjective ratings for the IAPS. Participants’ facial expressions were recorded 
continuously throughout the experiment task by a Logitech camera placed unobtrusively 
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on top of the stimulus presentation computer (For a more detailed description of the EF 
task, see Bonanno et al., 2004).  
 
Affective Flexibility Task 
The AF task was developed in parallel with the EF task.  Before the task, 
physiological sensors were applied to the participants by a trained experimenter1. The 
experiment was programmed in E-Prime2.0 software (Psychological Software Tools, 
Sharpsburg, PA). Participants were instructed to view, enhance or suppress their subjective 
feelings to negative pictures.  In the view instruction, participants were instructed to simply 
look at the picture and respond naturally. In the enhancement condition, participants were 
instructed to increase the intensity of the emotion they felt in response to the picture. In the 
suppression condition, participants were instructed to decrease the intensity of the emotion 
they felt in response to the picture (see Appendix for detailed AF task instructions).  
 
Similar to the EF task, following practice trials, participants completed three 
negative picture blocks randomly paired with one of the emotion regulation instructions 
(enhancement, suppression and view), along with one neutral picture block with view 
instructions as the baseline. A full description of the instruction was presented prior to the 
presentation of each block, and a one-word prompt (i.e., “View,” “Increase,” or 
“Decrease”) was presented for 1 sec prior to each picture as a reminder of the instructions. 
Each block consisted of 10 consecutively presented neutral or negative pictures from the 
IAPS (Lang et al., 2008), and each picture was presented for 7 sec.  At the end of each 
block, participants rated how much emotion they felt while viewing or responding to the 
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block of the pictures on the same 7-point Likert scale used in the EF task.  The valence and 
arousal of the negative pictures were equalized across the blocks.  
Participants’ corrugator activity was recorded continuously during the task using 
the wireless BioNomadix system (Biopac, Goleta, CA). Following the guideline for EMG 
placements, facial muscular activities were recorded from two electrodes placed on the left 
corrugator supercilii muscle (Fridlund & Cacioppo, 1986). Data were acquired using the 
MP150 WSW system with AcqKnowledg 4 software (Biopac, Goleta, CA) installed on a 
Dell PC. Signals were sampled at 1000 Hz.   
Data reduction and analysis 
Expressive flexibility task. Videotapes of participants’ facial expressions were rated by 
four graduate students, who were blind to the experiment design and hypotheses.  Each 
rater individually viewed the video files on a computer monitor and rated blocks of 
expressions for negative emotional intensity on the same 7-point scale used by participants. 
The averaged rating of the four raters was used in the final analysis (ICC=.88).  
 
Affective flexibility task. EMG data were processed in Matlab software (Mathworks, 
Natick, MA) using the ANSLAB algorithms (Wilhelm & Peyk, 2005). Raw corrugator 
EMG was first notch filtered at 60 Hz to eliminate ambient electric noise, and highpass-
filtered at 10 Hz. The data were then resampled at 400 Hz, rectified and smoothed with a 
16-Hz low-pass filter, and then decimated to 4Hz.  Artifacts were corrected during data 
processing. Values larger or smaller than 4 standard deviations of the within-subjects mean 
were eliminated on a second-by-second basis. Mahalanobis distances across instructions 
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were computed to detect multivariate outliers using a significance criterion of p < .001. 
Very few data were lost during the processes.  
Up-regulation and Down-regulation Ability Scores. The ability to up-regulate and down-
regulate expression of emotion in the EF task and the subjective experience of emotion in 
the AF task was computed as the difference between the enhancement and normal response 
instructions and the difference between the normal response and suppression instructions, 
respectively. Regulatory flexibility was indexed by the sum of the enhancement and 
suppression ability scores subtracted by the absolute difference between the two ability 
scores in the same response domain (Bonanno et al., 2004).  
Results 
Preliminary analyses revealed no effects of gender, age or ethnicity, and these 
factors did not modulate the effect of experiment instructions, .10 < ps < .99. There was 
no main effect or interaction effect of the order of the two tasks, .16 < ps < .87.  All post 
hoc comparisons were controlled for Type-I errors with Bonferroni corrections. 
Expressive flexibility task. To examine whether participants followed the instructions of 
the EF task, two separate one-way ANOVAs were conducted on the subjective ratings of 
emotion and observer ratings of expression, respectively. The main effect of instruction on 
subjective ratings was nonsignificant (F(2, 92)=0.447, p=.87). Participants reported 
comparable subjective affect in the normal response (M=4.660, SD=0.149), expressive 
enhancement (M=4.536, SD=.136) and expressive suppression (M=4.536, SD=0.149) 
instruction conditions,  ps>.05. The main effect of instruction on observer ratings, however, 
was highly significant (F(2,72)=48.613, p<.001, η2=.525). Participants expressed more 
emotion under the expressive enhancement instruction (M=3.521, SD=0.126), and less 
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under the expressive suppression instruction (M=1.857, SD=0.101) than under the normal 
response instruction (M=2.415, SD=.107), ps<.001, suggesting that the expressive 
manipulation was successful (see Figure 2).  
Affective flexibility task. To examine the effectiveness of the AF task as well as the time 
course of different affective regulations (i.e., regulatory goals), a two-way analysis of 
variance with time (8 sec including 1 sec of word instruction and 7 sec of picture onset in 
each trial) and instructions (4) was conducted. The main effect of instruction for corrugator 
EMG was highly significant (F(3,91)=15.751, p<.001, η2=.334). Post hoc comparison 
showed that corrugator activity was larger under all three instructions when participants 
were viewing or responding to negative pictures, compared to that when they were viewing 
neutral pictures (M=8.429, SD=0.487), ps<.01. Further, participants showed more 
corrugator activity when instructed to enhance their subjective feeling (M=5.086, 
SD=1.244), and less corrugator activity when instructed to suppress their subjective feeling 
(M=10.021, SD=0.575), as compared to simply viewing negative pictures (M=12.537, 
SD=0.784), ps<.05. Thus, the manipulation of affective regulation was also successful.  
There was a significant main effect of time (F(7, 87)=6.349, p<.001, η2=.331). 
Figure 3 presents mean corrugator EMG over time across the four affective regulation 
instructions. There were differences between instructions even prior to picture onset, 
indicating that the modulation instructions led to some alternation in affect levels even 
before stimuli were presented. But the differences in corrugator activity during word 
instruction were smaller than those during picture onset, ps<.05, indicating that additional 
modulation occurred after stimuli were presented. The main effect was qualified by a time 
by instruction interaction effect (F(21, 73)=2.560, p<.01, η2=.414). A follow-up simple 
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effects test of time showed that corrugator activity was consistently larger during the course 
of picture onset (except for the first second) than before picture onset under the 
enhancement instruction, ps<.01, whereas corrugator activity remained mostly unchanged 
before and after picture onset under the suppression instruction, ps>.10, with even a slight 
increase in response at several points of the picture presentation, ps=.05. The results thus 
confirmed the hypothesis that post-picture regulation was more effective than pre-picture 
regulation when the regulatory goal was to increase emotional responding and that pre-
picture regulation was more effective than post-picture regulation when the regulatory goal 
was to decrease emotional responding2.  
Up-regulation and down-regulation ability scores. Scores representing the ability to up-
regulate and down-regulate expression of emotion and subjective feeling of emotion, 
relative to the normal response were computed as were overall expressive and affective 
flexibility scores (see Data Analysis section for more details). Correlations between these 
indices are presented in Table 1. As can be seen, expressive-enhancement ability and 
affective-enhancement ability were moderately correlated (r=.39, p<.001), as well as 
expressive-suppression ability and affective-suppression ability (r=.29, p<.01).  Further, 
the composite scores of expressive-flexibility and affective-flexibility also showed a 
moderate correlation (r=.22, p=.03).   
Discussion 
Using two parallel experimental paradigms (EF and AF tasks), we found that 
upward-regulation and downward-regulation of emotional expression and subjective 
feeling are related, but are also distinct capacities. As in previous studies, regulation of 
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expression did not influence subjective experience of emotion (e.g., Bonanno et al., 2004). 
But participants who showed better ability in expressive regulation also showed better 
ability in regulating their subjective feelings when clear instructions were given. It will be 
intriguing to examine in future studies whether individuals who exhibit both abilities are 
better able to manage stressor events (Bonanno & Burton, 2013).  
We also found that the effectiveness of affective regulation timing depended on the 
regulatory goal.  Specifically, regulation occurring early (pre-picture) in the emotion-
generative process was more effective when the goal was to decrease emotional responding, 
whereas late regulation (post-picture) was more effective when the goal was to increase 
emotional responding. The results thus challenged the prevalent claim that certain timing 
of emotional regulation is invariably more effective than others (e.g., Gross, 2001). Taken 
together, the present results suggest a more complex picture of various emotion regulation 
behaviors and echoes the need for broader examination of these behaviors in addition to 
the current prevailing approach of focusing on a few specific strategies in isolation 
(Bonanno & Burton, 2013).   
The finding that flexible regulations across distinct emotion response channels, are 
related capacities points to the possibility of a broader general mechanism of regulatory 
flexibility. This is consistent with both early and recent theoretical conceptualizations that 
suggest flexible adaptation to varying contexts and situations is a trait-like, relatively stable 
capacity (J Block, 1993; Bonanno, 2005). Future study should examine whether expressive 
and affective flexibility is related to other components of regulatory flexibility, such as 
sensitivity to context and behavioral adjustment following feedback (Bonanno & Burton, 
2013), as well as other related processes, such as cognitive flexibility (Kashdan & 
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Rottenberg, 2010) and linguistic flexibility (Campbell & Pennebaker, 2003).  
One aspect of our findings warranting further investigation is our use of facial EMG 
as a measure of subjective feeling of emotion. Despite the widely accepted advantages of 
facial EMG in inferring affective states (e.g., Jackson et al., 2000), it also captures overt 
expressive behaviors. It could be argued that the EF and AF tasks were measuring the same 
component of emotion, thus leading to the observed correlation. This explanation, however, 
is unlikely. First, participants were given clear instructions that emphasized distinct 
regulatory goals across the two tasks. Second, the fact that participants showed 
differentiated expressions while maintaining similar self-reported affect across regulatory 
instructions in the EF task also suggests that distinct regulatory processes were engaged in 
the two tasks. Nevertheless, we cannot rule out the possibility that some participants might 
have used expressive modulation to regulate their affective experience. Future study could 
reduce this problem by asking participants their strategies for affective regulation and 
excluding the data of those who rely exclusively on expressive regulation.  
The study is also limited in its use of only one type of emotional stimuli (negative 
pictures) with only instructed regulation. Future study should explore the relation of 
spontaneous expressive and affective regulation in more naturalistic settings (e.g., dyadic 
interaction). Finally, the small sample size did not allow us to examine the effects of age, 
gender and ethnicity on regulatory abilities. As these variables have been proposed to have 
profound influence on how people manage their emotions (e.g., Blanchard-Fields, Stein, 
&, Watson, 2004; Butler, Lee, & Gross, 2007), research with larger and more diverse 
samples is needed to gain insight into the impact of demographic and cultural factors on 
regulatory flexibility.  
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Notwithstanding these limitations, the methodology developed in the present study 
could be used to facilitate understanding of distinct emotional regulation difficulties across 
various forms of psychopathology. For example, a corpus of research has shown that 
individuals with schizophrenia have intact subjective experience but flattened facial 
expression in emotional situations, but it remains unclear whether they lack the ability to 
down-regulate feelings or to up-regulate expressions (see Kring & Moran, 2008 for a 
comprehensive review). It would be fruitful to adopt the performance-based experiment 
paradigms to delineate regulatory deficits in this population as well as in other forms of 
mental disorders, such as complicated grief (Diminich & Bonanno, 2014), in which 
divergence across channels of emotion regulation may play a central role (Kring & Werner, 
2004). Better understanding of the relation and effectiveness of various regulatory 
behaviors could also facilitate the development of clinical interventions aimed to promote 
flexible emotion regulation (e.g., Hayes et al., 1999; Mennin & Fresco, 2015).  
 
Study 2: Expressive Flexibility and Affective Flexibility: The Effect of Practice and 
Feedback Instruction 
Theory and research of coping and emotion regulation have increasingly 
emphasized the importance of regulatory flexibility in promoting healthy adjustment 
(Bonanno & Burton, 2013; Bonanno et al., 2004; Cheng, 2001; Kashdan & Rottenberg, 
2010). Bonanno and Burton (2013) have formulated a process model of flexible regulation 
that addresses three sequential regulatory abilities and their salutary effects on mental 
health. The first two components, context sensitivity and regulatory repertoire, have 
received substantial empirical support (e.g., Bonanno et al., 2004; Bylsma, Taylor-Clift, & 
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Rottenberg, 2011; Coifman & Bonanno, 2008; Burton et al., 2012; Gupta & Bonanno, 
2011; Rottenberg, Kasch, Gross, & Gotlib, 2002; Rottenberg, Gross, & Gotlib, 2005; 
Westphal, et al., 2010). Evidence for the last component, responsiveness to feedback, and 
its link to psychological outcome, however, has remained largely at the conceptual level 
(Bonanno & Burton, 2013). The current study addresses this gap by experimentally 
investigating improvement in expressive and affective regulation following performance 
feedback and its association with psychological functioning.  
 
Regulatory Flexibility in Coping and Emotion Regulation 
Research on coping and emotion regulation tends to emphasize the uniform 
adaptiveness or maladaptiveness of specific regulatory strategies (Aldao, 2013; Folkman 
& Moskowitz, 2004; John & Gross, 2007; for reviews). An emerging body of theory and 
practice, however, has begun to emphasize the dynamic nature of the regulatory processes 
and the importance of flexible responding for optimal adaptation (Bonanno et al, 2004; 
Bonanno & Burton, 2013; Cheng, 2001; Kashdan & Rottenberg, 2010).   
Bonanno and Burton (2013) put forth a process model of coping and emotion 
regulation that highlights three sequential abilities of regulatory flexibility in responding 
to stressor situations and their salutary effects on psychological functioning. The initial 
step of flexible regulation is the ability to detect situational and contextual cues that signal 
impinging demands and opportunities, termed context sensitivity. Sensitive appraisal or 
responding to internal and external cues facilitates the selection of the most appropriate 
strategies for subsequent regulation. The next step of flexible regulation thus relies on the 
extent of a person’s repertoire of regulatory behaviors in which a greater number of or 
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more diverse regulation abilities are expected to predict better adjustment outcomes.  
Because of the multiplicity and dynamic nature of stressors, initial appraisal may not 
always be accurate or in some cases possible, and the chosen strategy may not produce 
desired outcomes. This leads to the final ability of flexible regulation: responsiveness to 
feedback, defined as “the ability to monitor feedback about the efficacy of the regulatory 
strategy that has been enacted and to maintain or adjust that strategy, end the strategy, or 
select a new regulatory strategy as needed” (p. 601).  
Responsiveness to Feedback in Coping and Emotion Regulation 
Although empirical investigation on the responsiveness-to-feedback component of 
regulatory flexibility is lacking, the critical role feedback plays in behavior monitoring and 
adjustment has long been emphasized in self-regulation theories (Bandura, 1991; Carver 
& Scheier, 1998). The adaptive significance of the ability to sustain or readjust coping 
efforts following an unfavorable outcome has also been highlighted in the revised model 
of coping (Folkman, 1997, 2008). Similarly, feedback control has been highlighted in 
theories of emotion regulation from the developmental (Thompson, Lewis, & Calkins, 
2008), social cognitive (Pennebaker & Roberts, 1992), and more general perspectives 
(Gross, 1998a; Gross & Thompson, 2007). In the most influential process model, emotion 
regulation is defined as a series of emotion-generative cycles that unfold cyclically over 
time, beginning each cycle anew in response to feedback arising from the emotional effects 
of the previous cycle (Gross, 1998a; Gross & Thompson, 2007). In other words, regulatory 
efforts do not end upon the generation of response activation; instead, specific regulation 
may lead to change in the eliciting event and in turn generate another cycle of regulatory 
process, and unsuccessful regulation may lead to the selection of alternative regulatory 
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strategiescontinuous and reciprocal processes that are linked by feedback  (Gross & 
Thompson, 2007; Kalisch, 2009).  
In contrast to its extensive coverage in theoretical conceptualizations, the idea of 
feedback in emotion regulation has only been brought into research attention recently 
(Kalisch, 2009; Paret et al., 2011). Kalisch (2009) posits an implementation-maintenance 
model in an attempt to account for the variable results across neuroimaging studies 
investigating brain areas activated during reappraisal, one of the most studied emotion 
regulation strategies. Kalisch argues that effective regulation depends on “continuous 
response adjustment,” and that reappraisal is not a one-shot operation, but involves two 
related but separate operations with the early one involving processes related to choosing 
and implementing of a reappraisal strategy and the late one involving processes related to 
the maintenance of the chosen strategy (i.e., maintaining the chosen strategy or eliciting a 
new strategy as needed).   
The hypothesis was confirmed in a subsequent independent experiment (Paret et al., 
2011). Participants were instructed either to enact a learned strategy (reappraisal) or simply 
attend to their emotional reactions (no-reappraisal) in anticipating a probabilistically 
determined pain stimulation during an extended period of time (17.7 sec).  Self-report and 
physiological data both indicated reduced anxiety levels under the reappraisal instruction 
compared to no-reappraisal instruction. More importantly, consistent with the model, 
results from functional imaging showed two distinct patterns of activation during the early 
and late periods of the reappraisal process. The late maintenance stage of reappraisal 
recruits neural regions that support performance monitoring, indicating the importance of 
feedback control in sustained emotion regulation processes.  
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The implementation-maintenance model of reappraisal does not specify sources of 
feedback information for the performance monitoring process (Kalisch, 2009; Paret et al., 
2011), but it is generally agreed upon that feedback control relies on both internal and 
external information (Pennebaker & Roberts, 1992; Thompson et al., 2008). The flexibility 
model would therefore predict effective regulation to be associated with the ability to detect 
and respond to two broad categories of information about the efficacy of regulatory efforts: 
internal and external cues (Bonanno & Burton, 2013).   
Emotion theorists have long proposed a close relationship between perception of 
somato-sensory or interoceptive changes and emotion and cognitive processes (Damasio, 
Everitt, & Bishop, 1996; Bechara, Damasio, & Damasio, 2000). As one of the primary 
goals of emotion regulation is to achieve a certain emotional state that promotes high-order 
goals (Gross, 1998a; Gross & Thompson, 2007; Mauss & Tamir, 2014), it follows that the 
ability to detect one’s internal readouts of emotional states would enhance the evaluation 
of the current regulatory efficacy and facilitate further efforts (Bonanno & Burton, 2013).  
In one recent study, Füstös and colleagues (Füstös, Gramann, Herbert, & Pollatos, 2012) 
measured participants’ accuracy in counting their heartbeats and then assessed the intensity 
and duration of affective change, using electroencephalography (EEG) when participants 
down-regulated their emotions. They found that individuals who were more accurate in 
estimating their heart rate demonstrated greater ability in down-regulating their emotions 
as shown in event-related brain potentials (ERP), providing evidence to a link between 
sensitivity to interoceptive signals and the capacity of emotion regulation.  
Emotion regulation, however, is not a solely intrinsic process but operates under 
the influence of myriad contextual, social and cultural factors (Butler & Gross, 2009). 
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External cues informing the effectiveness of regulatory efforts are, therefore, also crucial 
for successful regulation. Developmental literature has provided ample evidence of the role 
of corrective feedback from children’s social milieus in shaping emotion regulation 
capacities (Cole, Michel, & Teti, 1992; Eisenberg & Fabes, 1992). Recent emphasis on 
social and interpersonal aspects of emotion regulation has also suggested the adaptive value 
of sensitivity to external or social feedback in facilitating regulation (Coan, Schaefer, & 
Davidson, 2006; Côté, 2005; Eisenberger, Lieberman, & Williams, 2003; Marroquin, 
2011).   
A rich body of literature has documented the beneficial effects of social emotional 
disclosure on adjustment to stress (e.g., Devine, Parker, Fouladi, & Cohen, 2003; Lepore, 
1997; Lepore, Ragan, & Jones, 2000) through the mechanism of stimulation of positive 
cognitive changes and enhancement of emotion regulation strategies (Kennedy-Moore & 
Watson, 2001; Lepore, 2001; Lepore, Fernandez-Berrocal, Ragan, & Ramos, 2004).  
Moreover, the effects have appeared to be moderated by the listener’s response or feedback 
to the disclosure. In an experiment examining the effect of differential social responses to 
emotional disclosure on stress adjustment, Lepore and colleagues (Lepore, et al., 2004) 
found that participants who received challenging social feedback to their expressions of 
feelings and thoughts related to a highly distressing movie clip showed greater reduction 
in negative emotions than those who received validating feedback or no feedback.  The 
authors did not investigate individual differences in utilizing feedback information to 
regulate distress, but the results, nonetheless, suggest the critical role of social feedback 




Individual Differences in Responsiveness to Feedback and Psychological 
Functioning 
As discussed earlier, responsiveness to feedback involves two sub-components: 
monitoring and evaluating regulatory efficacy, and maintaining or readjusting regulatory 
efforts accordingly.  The flexibility model of coping and emotion regulation (Bonanno & 
Burton, 2013) predicts that both abilities will be associated with better psychological 
outcome. A recent investigation of coping flexibility has provided support for this 
prediction (Kato, 2012). Kato developed a questionnaire measuring coping flexibility that 
captures the two aspects in the feedback construct, termed evaluation coping and 
adaptation coping, respectively. In a series of studies, the two subscales have demonstrated 
good reliability and validity across different populations, and more importantly, both the 
abilities of evaluation and adaptation coping have been found to predict better 
psychological function concurrently and prospectively across multiple samples.  
The prediction of the association between psychological functioning and 
adjustment to feedback in emotion regulation is also consistent with cognitive and 
cognitive neuropsychological findings of abnormal neural response to negative feedback 
(e.g., Elliott, Sahakian, Michael, Paykel & Dolan, 1998; Santesso et al., 2011; Taylor 
Tavares et al., 2008) and absence of or impairment in subsequent behavioral adjustment, 
among individuals with clinical depression or elevated depressive symptoms (e.g., Elliott, 
Sahakian, Herrod, Robbins, & Paykel, 1997; Holmes & Pizzagalli, 2007; Murphy, Michael, 
Robbins, & Sahakian, 2003; Steele, Kumbar, & Ebmeier, 2007). The results typically 
emerge in experimental settings requiring adaptive action monitoring and flexible 
behavioral adjustments following performance feedback (e.g., Elliott, et al., 1998; Holmes 
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& Pizzagalli, 2007). For example, Holmes and Pizzagalli (2007) examined post-error and 
conflict adjustments in Simon and Stroop tasks among individuals with high versus low 
depressive symptoms as measured by the Beck Depression Inventory (BDI; Beck, Ward, 
& Mendelson, 1961), following positive or negative feedback on previous task 
performance.  The results showed that, compared to the low BDI group, the high BDI group 
made significantly less adjustment in accuracy and reaction time (RT) after error or conflict 
trials following negative performance feedback, suggesting impaired ability in utilizing 
feedback information to adjust behaviors in individuals with elevated depressive symptoms. 
 
The Current Investigation 
The theories and empirical studies reviewed above converge to suggest the adaptive 
value of sensitivity to feedback and corresponding behavioral adjustment. The aim of the 
present study is to directly investigate the effect of feedback on emotion regulation 
behaviors, and its link to psychological functioning. Specifically, we sought to address 1) 
whether people show improvement in the ability to regulate emotion after receiving 
negative feedback on their performance, and 2) whether the ability to improve regulation 
following negative feedback is associated with better psychological functioning?       
We added additional trials to Study 1 in both the EF and AF tasks, and randomly 
assigned participants to the control and feedback groups. A predetermined feedback 
instruction was then presented to the feedback group in which participants were told that 
the online data showed that their performance was not within the average range found in 
previous studies and that they should try harder when the tasks were repeated. We included 
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tasks assessing both up- and down-regulation in both expressive and affective responding 
in order to gain a more comprehensive understanding of the role feedback plays in a wide 
range of regulatory abilities.  
In the AF task, a multi-componential approach was adopted to obtain broader 
assessments of affective change. In addition to subjective ratings of affective experiences, 
EMG-based corrugator activity, participants’ autonomic responses across experimental 
instructions, including heart rate (HR), finger pulse transmit time (PTT), respiration rate 
(RR) and skin conductance level (SCL), were also recorded. Based on past research, 
increase in HR, PTT, RR, and SCL were used as indices for higher negative emotional 
responding (Cacioppo, et al., 1988; Cacioppo, Berntson, Larsen, Poehlmann, & Ito, 2000; 
Ekman, Levenson, & Friesen, 1983; Lang, Greenwald, Bradley, & Hamm, 1993; Larsen, 
Norris, & Caccioppo, 2003; Urry, 2009).  
Responsiveness to feedback was operationalized as the improvement in the ability 
to enhance/suppress emotion (expression in the EF task and subjective feeling in the AF 
task) in the post-feedback vs. pre-feedback phases. Based on the regulatory flexibility 
model (Bonanno & Burton, 2013), we predicted that participants would show improvement 
in expressive and affective regulation following feedback instructions (i.e., heightened 
emotional response when instructed to up-regulate and reduced emotional response when 
instructed to down-regulate in the post-feedback phase relative to the pre-feedback phase). 
In affective regulation, the effects would be most prominent in self-reported experience of 
emotion and corrugator activity and less in physiological responses because the latter may 
be confounded by enhanced autonomic activities resulting from regulatory efforts, not 
emotional responding per se (Jackson et al., 2000).  We also predicted that there would be 
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individual differences in the ability to enhance emotion regulation performance following 
feedback, and that greater ability would be correlated with less depression or distress.   
Because the two regulatory tasks were novel to the participants, we expected that 
they would show improvement in the regulatory abilities over time even without the 
feedback instruction, that is, the practice effect. We predicted that the practice effect would 
be smaller than the feedback effect. Because learning by practice requires action 
monitoring that involves sensitivity to internal or self-generated feedback (Nicol & 
MacFarlane-Dick, 2006), and this capacity is also limited for individuals with suboptimal 
functioning (e.g., Elliott et al., 1997; Holmes & Pizzagalli, 2007), we predicted that there 
would also be a negative relationship between improvement in regulation over time and 
depression or distress in the control group.  
A secondary goal of the study was to explore mechanisms and moderators through 
which feedback facilitates or impairs subsequent emotion regulation. From a social 
cognitive perspective, the lack of response adjustment following negative feedback in 
depression is proposed to be mediated by elevated negative affect induced by negative 
evaluation from the feedback (Conway, Howell, & Giannopoulos, 1991; Henriques & 
Leitenberg, 2002). If this holds true in emotion regulation, we would expect to observe a 
negative correlation between the amplitude of negative emotion during feedback reception 
and subsequent improvement in regulation.  
From the flexibility perspective, improved coping or emotion regulation over time 
would be predicted by the ability to relinquish ineffective strategies and use new ones, as 
discussed earlier (Kato, 2012). We explored this association by asking participants to report 
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the strategies they used to up- and down-regulate their emotion at the end of the two phases 
of the AF task. Our study included emotional images varying from low to high levels of 
emotional intensity, which would require a flexible use of multiple regulatory strategies 
(Sheppes, Scheibe, Suri, & Gross, 2012). Therefore, improved regulation following 
practice or feedback may be more evident for participants who used alternative or 
additional strategies in the second phase of the task.  
Method 
Subjects 
The same 100 subjects in Study 1 participated in Study 2. Forty participants were 
randomly assigned to the control group. In the feedback group, three participants refused 
to be videotaped in the EF task, one did not believe the feedback manipulate and two 
provided invalid physiological data, leading to a sample size of 57 for the EF task, fifty-
nine for self-reported data and fifty-seven for physiological data in the AF task.  The two 
groups did not differ in age, gender or ethnicity, ps>.10. 
Procedure 
Participants first completed a packet of questionnaires comprising of demographic 
questions and measures of psychological functioning (see Measures), and undertook the 
EF task and Af task subsequently in a counterbalanced order. After the completion of both 
tasks, participants in the experimental group were asked three questions regarding the 
accuracy and believability of the feedback manipulation (see Measures). Finally, all 





Two questionnaires were used to assess psychological functioning. The 11-item 
abbreviated version of The Center for Epidemiological Studies Depression Scale (CES-D; 
Kohout, Berkman, Evans, & Cornoni-Huntley, 1993) was used to assess depression level 
(α=.86).  The General Health Questionnaire (GHQ, Goldberg et al., 1997) was used to 
assess general psychological distress (α=.86). The feedback and control groups did not 
differ in total scores on the two measures, ps>.10.  
Two questions assessed participants’ perception of the accuracy of the feedback: 1. 
How accurate do you think the feedback about your physiological responses presented 
during the experiment was? 2. How accurate do you think the feedback about your 
emotional expressions presented during the experiment was? The third question asked 
about the believability of the feedback manipulation: How likely do you think the two 
pieces of feedback were truly based on your performance?  Each question was rated on a 
5-point Likert scale (1=“not at all”; 5=“extremely”). One participant endorsed a 1 for all 
three questions and was excluded from the analysis.  
Expressive flexibility task. The basic design and procedure of the EF task were identical to 
those of Study 1. Participants first completed three blocks of negative pictures each paired 
with one of the regulation instructions (enhancement, suppression and normal response). 
Participants in the feedback group then received a statement on the computer screen 
instructing them to wait for the feedback for their performance (30 sec), which was 
followed by the presentation of the predetermined feedback (30 sec). The verbatim 
feedback statement read: 
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 In our previous studies, we have found that there is an average range within 
which people are able to regulate their emotional expressions. The response from 
the person in the adjacent room showed that you did pretty well. However, you 
were not quite within the average range. We are going to repeat the experiment. 
This time, please try again to regulate your emotion according to the instructions. 
Specifically, do your best to show even more emotion when asked to enhance your 
emotion expressions and even less emotion when asked to suppress your emotional 
expressions. 
The control participants received a statement simply instructing them to wait (60 sec) and 
then proceed to the second half of the task. All participants then completed another three 
blocks paired with the expressive regulation instructions respectively. The order of the 
three blocks was randomized within each experiment phase. 
Affective flexibility task. The basic design and procedure of the AF task were identical to 
those of Study 1. Participants first completed three negative blocks each paired with one 
of the emotion regulation instructions (enhancement, suppression and view) and one 
neutral picture block with view instruction as a baseline. As in the EF task, participants in 
the feedback group then received a statement on the computer screen informing them to 
wait for the feedback of their performance (30 sec), followed by the presentation of the 
predetermined feedback statement (30 sec). The verbatim feedback statement read: 
 In our previous studies, we found that there is an average range within which 
people are able to regulate their emotions. Our physiological data showed that you 
did pretty well. However, you were not quite within the average range. We are 
going to repeat the experiment. This time, please try again to regulate your emotion 
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according to the instructions.  Specifically, do your best to feel even more emotion 
when asked to increase your emotion reactions to the pictures and even less emotion 
when asked to decrease your emotional reactions to the pictures. 
Control participants received a statement simply instructing them to wait (60 sec) and then 
proceeded to the second half of the task. All participants completed another three negative 
blocks paired with the regulatory instructions respectively and one neutral block with the 
view instructions. The order of the blocks were randomized in the first phase and repeated 
in the second phase to eliminate potential block order effects across the task phases. At the 
end of each task phase, participants in both the feedback and control groups were prompted 
by two open-ended questions asking about what they did to increase and decrease their 
emotion and instructed them to type their answers briefly on the computer.  
 
Participants’ corrugator response and physiological activities were recorded 
continuously using the wireless BioNomadix system (Biopac, Goleta, CA). Data were 
acquired using the MP150 WSW system with the AcqKnowledg 4 software (Biopac, 
Goleta, CA), installed on a Dell PC. All signals were sampled at 1000 Hz. The placement 
of EMG sensors was identical to that in Study 1. Two EL501 disposable snap electrodes 
were attached to the skin below the right clavicle and to the left hipbone to form a bipolar 
configuration of electrocardiograph (ECG) for HR assessment. Finger pulse was obtained 
through a photo plethysmographic sensor placed on the palmar surface of the little finger 
of the participant’s nondominant hand. Electrodermal activity was measured from two 
transducers placed on the palmar surface of the middle phalanges of the middle and ring 
fingers of the non-dominant hand. Respiration was measured by a respiration transducer 
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belt placed around the ribcage above the sternum.  
Data reduction and analysis 
Expressive flexibility task. The procedure of expression rating and data reduction was 
identical to that of Study 1 (ICC=.85).  
Affective flexibility task. EMG and physiological data were processed in Matlab software 
(Matlab software (Mathworks, Natick, MA) using the ANSLAB algorithms (Wilhelm & 
Peyk, 2005). The procedure of EMG data processing was identical to that in Study 1.  ECG 
signals were resampled to 400 Hz and bandpass-filtered from 0.5 to 40 Hz. Inter-beat 
Interval (IBI) was defined as the time interval (ms) between two successive R-spikes. IBI 
was then converted to HR in beat per minute (BPM), and decimated to 10 Hz. The finger 
pulse signals were resampled to 400 Hz and bandpass filtered from 0.3 Hz to 20 Hz. Finger 
pulse transit time (PTT) was calculated as the time elapsed between the R wave detected 
in ECG and the upstroke of blood volume in the finger and decimated to 10 Hz.  
Electodermal data were smoothed with a 1 Hz low-pass filter, decimated to 10 Hz, and 
linearly detrended on a trial-by-trail basis to obtain SCL. Each participant’s respiration 
signals were first calibrated based on 3–8 consecutive respiration cycles with consistent 
tidal volumes and inspiratory flow rate and respiration rate (RR) per minute was then 
calculated based on the calibrated data. Finally, signals from each response channel were 
collapsed across the 10 trials within each experimental instruction and analyzed on a 
second-by-second basis. The procedure of artifact correction and outline removal is 




Preliminary analysis did not reveal any effects of age, gender or ethnicity. These 
factors did not modulate the effect of the experimental instructions or group 
status, .07<ps<.80. The order of the two tasks did not have significant effects in either the 
EF Task or AF Task, .07<ps<.94. These variables were thus excluded in the subsequent 
analyses. All post hoc comparisons were controlled for Type-I errors with Bonferroni 
corrections. 
Expressive flexibility task. The basic analyses for the EF task was identical to those of 
Study 1, with the addition of phase (first vs second) as a within-subject variable and 
feedback group status (control vs. feedback) as a between-subject variable entered into the 
ANOVA analyses to examine practice and feedback effects.  
Mean self-reported emotion and observer-rated expression across the expressive 
regulatory instructions are presented in Figure 4.  As can be seen, adding additional trails 
maintained the basic pattern of self-reported emotion and observer ratings of expression 
across the experimental instructions found in Study 1, with the only difference being that 
participants reported greater emotion under the enhancement instruction than that under 
the suppression instruction, p<.01. This main effect was further qualified by a significant 
phase X instruction interaction (F(2,94) =5.146, p<.01, η2=.098). Simple effects tests 
indicated that the interaction was driven by slightly decreased subjective emotion reported 
under the suppression instruction relative to the normal response instruction in the second 
phase of the task, p=.022.  
With respect to the additional analysis, there were several main findings for the 
observer-rated expression. First, there was a main effect of phase (F(1,95)=29.487, p<.001, 
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η2=.237), where participants expressed more negative expression overall in the second 
phase of the task (M=2.949, SD=0.102) than in the first phase (M=2.566, SD=0.082), p=.03.  
Second, the phase X instruction interaction was not significant (F(2,94)=2.833, p=.340, 
η2=.023). Third, feedback group status did not produce any significant main effect or 
interaction effects, .20<ps<.87.  The results thus suggest that there was no practice or 
feedback effect in expressive regulation.  
Affective flexibility task. As more factors and measures were used in Study 2 than in Study 
1, we used a slightly different approach to simplify the analysis process. First, we examined 
whether negative pictures effectively elicited negative emotion. Paired t-tests of the 
average scores across the 7-sec period of picture presentation between the neural view and 
negative view instructions were performed. Participants reported more subjective affect to 
negative pictures (M=4.808, SD=1.332) than to neutral pictures (M=2.091, SD=1.369), 
t(98)=18.378, p<.001. Corrugator activity was larger in response to negative pictures 
(M=12.826, SD=7.687) than to neutral pictures (M=8.623, SD=0.486), t(96)=.488, p<.001. 
Negative pictures also elicited a deceleration in HR (M=73.2276, SD=11.932) relative to 
neutral pictures (M=73.668, SD=11.597), t(97)=-2.258, p<.05.  RR, SCL and PTT did not 
differ between negative and neutral pictures, ps>.10, and thus were not used in the 
subsequent analyses. 
Separate instruction (3) X time (7) X phase (2) X feedback group (2) ANOVA were 
conducted on self-reported affect, corrugator EMG and HR, respectively (For subjective 
affect, time was not included as the data was only collected for each block).  
Self-reported affect. There was a significant main effect of instruction (F(2, 95) = 46.012, 
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p<.001, Eta2 = .489). Post hoc examination showed that participants reported more 
subjective affect under the negative enhancement instruction (M = 5.426, SD = 0.126), and 
less subjective affect under the negative suppression instruction (M= 4.180, SD = 0.152), 
compared to the negative view instruction (M= 4.814, SD = 0.137), ps <.001. There was 
also a significant phase X instruction X feedback group three-way interaction effect 
(F(2,96)=5.582, η2=.104, p<.01). For the control group, subjective affect did not change 
from the first to second task phases within each of the three regulatory instructions, ps>.10. 
In contrast, participants from the feedback group reported more affect under the 
enhancement instruction, p=.019, and marginally less emotion under the suppression 
instruction following feedback, p=.075. There was no change under the view instruction 
before and after the feedback instruction, p=.103. The group by phase interaction was non-
significant (F(97,1)=0.003, p=.956, η2=.000), suggesting that the feedback and control 
groups did not differ in their overall self-reported affect across the two task phases.  
Corrugator EMG. As with the self-reported affect, there was a significant main effect of 
instruction (F(2,94)=14.622, p<.001, η2=.237). Participants showed more corrugator 
activity under the enhancement instruction (M=16.367, SD=1.331), and less corrugator 
response under the suppression instruction (M=10.366, SD=0.573), compared to the 
negative view instruction (M= 2.905, SD=0.800), ps<.001.  There was also a main effect 
of phase (F(1,95)=4.612, p=.034, η2=.046), with more overall corrugator responses in the 
second phase (M=13.705, SD=0.887) than in the first phase (M=12.721, SD=0.803).  This 
effect was qualified by a marginal phase by instruction interaction effect (F(2,94)=2.857, 
p=.062, η2=.057). Simple effects tests of phase showed that participants maintained similar 
levels of corrugator response under the suppression and view instructions across the two 
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task phases, ps>.10, whereas they showed more corrugator response when instructed to 
enhance their emotion in the second phase relative to the first task phase, p=.011, indicating 
practice effect.  The group X instruction X phase interaction was, however, not significant 
(F(94,2)=1.76, p=.178, η2=.036). It appeared that the feedback instruction did not produce 
any differential effect to practice. As our primary interest was the feedback effect, we 
explored this three-way interaction. The results showed that the two groups had similar 
responses under the suppression and view instructions across the two task phases, ps>.10.  
However, although both the feedback group (Mdiff=2.873, SDdiff=1.023) and control group 
(Mdiff=1.277, SDdiff=1.221) showed more corrugator response under the enhancement 
instruction in the second phase relative to the first phase, only the improvement in the 
feedback group was statistically significant, p=.006, but not the control group, p=.229. The 
group by phase interaction was non-significant (F(1,95)=0.071, p=.791, η2=.001), 
suggesting that the difference was not driven by a general elevation in negative affect 
following feedback.  
There was also a time effect (F(6,90)=6.364, p<.001, η2=.298) and a time by 
instruction interaction effect (F(12,84)=2.617, p<.01, η2=.272). Consistent with the results 
from Study 1, the three regulatory instructions were associated with differential patterns of 
corrugator changes over the course of picture presentation. As can be seen in Figure 5, 
corrugator activity was relatively flat across time under the suppression instruction, was 
elevated under the view instruction, and increased markedly under the enhancement 
instruction. These effects were similar across the two groups, ps>.10. 
Heart Rate (HR): There was a significant main effect of instruction (F(2, 94)=15.685, 
p<.001, η2=.250). Compared to simply viewing the pictures (M=73.098, SD=1.203), 
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participants showed a general increase in HR when instructed to enhance their emotion 
(M=73.876, SD=1.194), and a general decrease in HR when instructed to suppress their 
emotion (M=72.606, SD=1.163), compared to the view instruction, ps<.01.  There was also 
a time effect (F(6,90)=6.546, p<.001, η2=.304) and a time by instruction interaction effect 
(F(12,84)=2.194, p<.05, η2=.239). The change of HR across time was distinct for the three 
regulatory instructions. As shown in Figure 6, there was a deceleration in HR over the 
course of each negative picture presentation of  the regulatory instructions, a pattern 
consistent with previous study results (e.g., Lang et al., 1993; Urry, 2009). However, while 
the deceleration emerged almost immediately following the picture onset under the 
suppression and view instructions, the effect did not become apparent until 3–4 seconds 
after the picture onset under the enhancement instruction. It appeared that voluntary 
enhancement of negative emotion would elevate sympathetic responding, and offset the 
dampening cardiovascular response negative emotions typically produce, at least at the 
beginning of the regulatory process. There was no main effect or interaction effect of phase 
or feedback group, .13<ps<.67, indicating that HR was not modulated by practice effect or 
feedback instruction.   
Summary of Basic Task Results 
The results suggested that the manipulation of both expressive and affective 
regulations was successful. For expressive regulation, the observer ratings of expressed 
emotion corresponded to the task instructions. For affective regulation, modulation in 
subjective affect, EMG-based corrugator response, and HR were observed in accordance 
with task instructions. Participants did not show feedback or practice effect for expressive 
regulation. For affective regulation, participants in the feedback group reported more 
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subjective affect under the enhancement instruction, and less subjective affect under the 
suppression instruction following feedback. However, those in the control group did not 
show corresponding changes across the two task phases, indicating a feedback effect. For 
corrugator response, the results appeared to suggest that both practice effect and feedback 
effect were at work, but the difference of the two effects was too small to be teased apart 
with the current statistical power.  
Relation of Improvement in Regulation Over Time and Psychological Functioning 
Only emotion measures that showed practice or feedback effects were used to 
address this question. Scores representing the ability to enhance and suppress self-reported 
affect and affect measured by EMG in the AF task were computed separately for the two 
task phases (see Study 1 Method section for more details). Then the matching ability score 
in the first task phase was subtracted from that in the second task phase to obtain the change 
score, which represents the ability to further enhance or suppress affect over time (either 
due to feedback or practice affect).   
Simultaneous regression analyses were performed to investigate the association 
between the ability to improve affective regulation over time and psychological functioning. 
Table 2 presents the results of the regression analyses of total depression level (CES-D) on 
self-reported affect and affect measured by EMG, and Table 3 presents the results of 
general psychological distress (GHQ) on the two affective measures. Both the abilities to 
enhance and to suppress affect over time as measured by facial EMG were associated with 
lower depression levels. There was also an interaction between suppression ability over 
time and feedback group status. We divided participants into high vs low suppression 
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ability (1 SD higher or lower than the mean) and graphed the interaction in Figure 7. For 
the control group, those with high ability to suppress negative affect over time was 
associated with lower depression, compared to those with low ability, whereas the high- 
and low-ability individuals in the feedback group did not differ in their level of depression. 
The results with general psychological distress showed a comparable main effect. The 
ability to suppress negative emotion over time, as measured by corrugator EMG, was 
associated with less general distress. The ability to enhance self-reported affect over time 
was also marginally associated with lower depression levels, p = 08. These effects were 
not modulated by group status.    
Finally, we examined the possibility that the improvement in enhancing and 
suppressing emotion was modulated by the perceived accuracy of the feedback 
manipulation. All correlations were nonsignificant (r=-.032 for corrugator response of 
enhancement, r=-.140 for corrugator response of suppression, r=-.204 for self-reported 
affect of enhancement, and r=- .006 for self-reported affect of suppression), ps>.10.  
Secondary analyses: 
1. Is improvement in regulation modulated by negative affect induced by negative 
feedback? The signals of corrugator activity, HR, PTT, RR, and SCL during feedback 
presentation for the experimental group and the equivalent wait time for the control group 
(30 sec) were processed and calculated for each participant. Independent t-tests were 
performed to examine if negative feedback induced more negative affect in the feedback 
than in the control group. The results were not significant, ps>.10.  The correlations 
between the amount of negative affect exhibited during feedback presentation or wait time 
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and regulation change scores were also non-significant, ps>.10.  Hence, there was no 
evidence to suggest that the ability to improve regulation capacity over time was impaired 
with increased negative affect associated with negative feedback. 
2. Is improvement in affective regulation over time associated with switching strategies 
in the second phase of the task? At the end of each regulation phase in the AF task, 
participants listed the regulatory strategies they had used. Due to a computer error, data 
from approximately half of the participants was lost. Out of the remaining 50 participants, 
37 provided valid responses to all four questions (18 feedback group; 19 control group). 
Of all the reported strategies, attention deployment (e.g., looking at the less intense area of 
the picture, looking away, thinking about something else), was most commonly used to 
enhance and suppress emotions in both the first phase (58.2% and 73.3%, respectively) and 
second phase of the task (70.1% and 77.8%, respectively), seconded by reappraisal (e.g., 
thinking the person in the picture will be rescued; 33.3% for enhancement and 13.0% for 
suppression in the first phase, 66.7% for enhancement and 22.2% for suppression in the 
second phase). Seventeen percent used expressive regulation (e.g., showing more emotion) 
to enhance emotion and 10.3% used it to suppress emotion in the first phase of the task, 
and the corresponding proportions were 11.0% and 22.2% in the second phase. A sizeable 
number of participants also reported using physiological modulation (e.g., taking shallow 
or deep breaths, relaxing or tensing up body) to enhance (17.9%) and suppress (10.7%) 
negative emotions in the first phase and to enhance (11.1%) and suppress (22.2%) emotions 
in the second phase. Most participants (81.1%) used more than one strategy in regulating 
their affect. Finally, 38% of the participants switched to new strategies or deployed an 
additional strategy in the second phase. These participants were dummy coded into the 
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strategy group. Independent-samples t-tests were performed on the enhancement and 
suppression ability change scores (self-report and EMG) for the strategy vs. non-strategy 
groups. Most results were not significant, ps>.10, but the strategy group showed a 
marginally larger improvement in the ability to enhance self-reported affect over time 
(t(35)=1.729, p=.093). The results hinted at the potential benefit of strategy switch for more 
effective regulation over time.  
Discussion 
Despite being proposed a critical component in emotion regulation processes 
(Gross & Thompson, 2007), the concept of feedback has been brought into empirical 
investigation only recently (Paret et al., 2011). The present study is the first to directly 
investigate the impact of external feedback on emotion regulation behaviors and its link to 
psychological functioning. Specifically, we sought to address 1) whether people would 
show improvement in the abilities to up- and down-regulate emotional expression and 
subjective feeling following negative feedback on their regulatory performance, and 2) 
whether improved regulatory capacity following feedback was associated with better 
psychological functioning.   
The manipulation of feedback used in the study produced a mixed effect on the 
regulation of emotional expression and subjective feeling. No feedback effect was 
observed in expressive regulation (EF task).  For affective regulation (AF task), 
participants who received negative feedback on their previous regulatory performance 
showed improvement in self-reported affect in both upward and downward directions, 
though this change was not observed in the control group, indicating the presence of 
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feedback effect, but not practice effect. However, the feedback and control groups 
demonstrated similar increase in corrugator response in upward affective regulation over 
time. While affect change in the control group indicated practice effect, the comparable 
amount of change observed in the feedback group made it difficult to ascertain whether the 
effect were due to practice alone, feedback alone, or a combination of both.  Because of 
the clear feedback effect manifested in self-report, we tentatively propose that the 
improvement in corrugator response was a result of both practice and feedback effects.  
The mixed results could be a consequence of the small sample in the study (note 
that the increase of corrugator activity over time was only significant for the feedback 
group but not the control group, although the difference failed to manifest in the omnibus 
test) but also an indication that the current feedback manipulation was insufficient to 
produce reliable effect across multiple emotional response domains. While bogus 
performance feedback, as the one used in the present study, has been shown to induce 
meaningful individual differences in cognitive tasks (e.g., Elliott et al., 1998; Holmes & 
Pizzagalli, 2007), the effect of this type of feedback tend to diminish quickly over time 
(Holmes & Pizzagalli, 2007). The one-time feedback presented in the current study thus 
might have failed to provide sufficient temporal effects required for self-monitoring 
(Bandura, 1991), leading to inconclusive findings. Future research could utilize trial-by-
trial feedback manipulation to examine this possibility. Second, although the post-
experimental questionnaire suggests that participants believed the feedback was genuine 
and there was no relation between perceived accuracy of the feedback and improvement in 
regulation, it was still possible that the experimental feedback in some ways interfered with 
participants’ natural action monitoring process relying on introceptive or other internal 
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feedback. One way to alleviate this issue is to ask participants their own evaluation of 
performance before giving external feedback; and the association of change in regulatory 
behaviors and the evaluation-feedback discrepancy would provide more conclusive 
evidence on the effect of experimentally manipulated feedback. Finally, given the highly 
dynamic and fast-paced nature of emotion regulation processes, studies with genuine 
online feedback of regulatory efficacy and dyadic tasks would be an extremely important 
direction for future research to elucidate the role feedback plays in regulatory behaviors.  
Regarding the second research question of the study, we found that the abilities to 
better enhance and suppress affect over time, as measured by corrugator response, were 
associated with lower depression levels, and the ability to better suppress affect over time, 
as indicated by corrugator response, was associated with less general distress, and the 
associations were evident in both the control and feedback groups (i.e., main effects after 
controlling for interaction effects). The results suggest that people with lower levels of 
psychological functioning lack the capacity to improve their affective regulatory efficacy 
by practice and following external feedback. No research has yet investigated practice 
effect in emotion regulation; however, it is reasonable to postulate that improvement of 
regulatory efficacy by practice requires action monitoring that involves sensitivity to 
internal feedback or self-generated feedback, as demonstrated by educational studies of 
learning (e.g., Nicol & MacFarlane-Dick, 2006). Our finding is thus consistent with the 
corpus of research demonstrating deficit in subsequent behavioral adjustment following 
internal or external negative feedback concerning task performance among depressed 
individuals or individuals who have suboptimal functioning (Elliott et al., 1996; Elliott et 
al., 1997; Holmes & Pizzagalli, 2007; Murphy et al., 2003). The results also provide 
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support for the regulatory flexibility framework that proposes the adaptive value of the 
ability to effectively utilize internal or external information to facilitate regulatory 
behaviors (Bonanno & Burton, 2013).   
The finding that, after controlling for the main effects, the association of the 
improved suppression ability and depression was no longer present in the feedback group 
was, however, less straightforward. One possible explanation is that the external feedback 
presented in the study, to some extent, disrupted participants’ natural learning process with 
practice, particularly among individuals with worse psychological functioning.  Another 
explanation (not necessarily in contradiction to the first one) is related to the measurement 
tool used in the study. This finding was observed with only EMG-based corrugator 
response, a measure that reflects affective state but also captures overt expression of 
emotion. Individuals with elevated depressed symptoms rely more on expressive 
suppression to regulate their emotion (Ehring, Tuschen-Caffier, Schnülle, Fischer, & Gross, 
2010; Gross & John, 2003), and they also tend to exhibit heightened sensitivity to negative 
feedback (Elliott et al., 1996; Elliott et al., 1997; Holmes & Pizzagalli, 2007; Murphy et 
al., 2003). It is therefore possible that participants with higher levels of depression might 
have indeed suppressed even more expression, after receiving the feedback that they did 
not do the task well. The fact that this interaction effect was only observed with affective 
suppression ability of corrugator activity appears to be in line with this explanation. Further 
replication and exploration are needed before any sound conclusion can be made on this 
finding.  
We explored the possible mechanisms that might account for the improvement of 
regulatory capacity following practice and feedback. According to social cognitive 
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approach, the lack of behavioral adjustment to internal and external negative feedback in 
depression is mediated by elevated negative affect induced by negative evaluation from the 
feedback (Conway et al., 1991; Henriques & Leitenberg, 2002). However, we did not 
observe heightened negative affect during the feedback presentation, and the feedback 
group did not show more overall negative affect in the second phase of the AF task, than 
the control group. It thus remains an important research question as to whether the 
association between depression and responsiveness to feedback in emotion regulation 
shares similar mechanisms with those for cognitive performance.  
From the regulatory flexibility perspective (Bonanno & Burton, 2013), the lack of 
improvement in regulatory capacity following feedback may be a result of rigid use of 
strategies (Kato, 2012). Unfortunately, a considerable portion of the data on participants’ 
strategy use during the AF task was lost due to a computer error. Nevertheless, the 
marginally significant correlation between strategy switch and better self-reported ability 
to enhance affect in the remaining data suggests the likelihood of flexible use of regulatory 
strategy to be a potential mechanism through which feedback mediates regulatory efficacy.  
Although not the primary inquiry of the study, it is worth discussing the results of 
the multiple emotion measures used in the AF task to inform methodological 
considerations for research on emotion regulation. Only self-report, facial EMG and HR 
responses showed differentiated patterns across affective regulatory instructions, and not 
SCL, PPT or RR. Several factors in the study design might have led to the null results. First, 
as previous findings on distinct autonomic responses across regulatory conditions have 
typically involved stimuli presented for a relatively long period of time (e.g., minutes; 
Gross & Levenson, 1993, 1997; Rottenberg et al., 2005), the short duration of each picture 
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presentation in the study (7 sec) might therefore be insufficient for these responses to 
manifest. Second, we did not restrain participants’ use of regulatory strategies in order to 
reduce the possible impact of individual difference in the ability to use specific strategies 
on the improvement of regulatory behavior over time. Past research has shown that 
different regulatory strategies have differential consequences on the autonomic systems 
(e.g., Gross, 1998; Gross & Levenson, 1993, 1997). The eclectic regulatory strategies used 
by the participants in the present study thus might have obscured meaningful patterns of 
autonomic change across different regulatory conditions. Similarly, some regulatory 
strategies adopted by the participants involve direct physiological change (e.g., taking deep 
breaths) and may have interfered with autonomic responses associated with affective 
experience. While it is important to continue exploring physiological patterns associated 
with different affective regulatory processes, the current results suggest self-report, facial 
EMG and HR to be the more robust measures of affect in naturalistic regulatory tasks with 
brief stimulus presentation.   
Finally, the small sample of the study did not allow us to explore potential 
differences in the improvement of regulatory ability over time across ethnicity, gender and 
age, all factors found to modulate emotion regulation processes in past research (e.g., 
Blanchard-Fields, Stein, & Waston, 2004; Butler, Lee, & Gross, 2007; McRae, Ochsner, 
Mauss, Gabrieli, & Gross, 2008). Particularly relevant to feedback control in emotion 
regulation is the finding that Westerners and non-Westerners tend to differ in their 
attentional allocation to interoceptive signals versus external feedback in the evaluation of 
self and behavioral adjustment (e.g., Kanagawa, Cross, & Marcus, 2001; Ma-Kellams, 
Blascovich, & MsCall, 2012; Morris & Peng, 1994).  An important agenda for future 
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research would be to investigate possible cultural variation in the source of feedback that 
guides emotion regulation processes.  
General Discussion 
Using performance-based emotion regulatory tasks (AF and EF), the two studies of 
this dissertation showed that, 1) flexible regulation of emotional expressive behavior and 
subjective experience are separable but related capacities, 2) the efficacy of affective 
regulatory timing is dependent on distinct regulatory goals, 3) people show improvement 
in regulatory capacity over time by practice and in response to external feedback, and 4) 
the ability to improve regulatory capacity over time by practice or external feedback is 
associated with better psychological functioning. The findings contribute to the bulk of 
research that aims to understand the complexity of emotion regulation processes, and 
provide further evidence for the importance of flexible regulation in optimal adaptation 
(Bonanno & Burton, 2013).  
Past research on emotion regulation tends to study individual regulatory strategies 
in isolation, and emerging from this line of research is the widely held view that certain 
strategies and timing of regulation are invariably more effective than others (e.g., Aldao, 
Nolen-Hoeksema, & Schweizer, 2010; Gross, 2001; John & Gross, 2007).  Our results 
suggest a more complex picture of the relationship between regulatory behaviors, as well 
as distinct time courses for different regulatory goals, which echo calls for broader 
examination of emotion regulation processes. The finding that regulations across distinct 
emotional responding systems are related capacities suggests the possibility of a broader 
general mechanism of emotion regulation. This is consistent with growing evidence 
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pointing to the link between generic brain capacities, such as the working memory capacity 
(WMC; Schmeichel, Volokhov, & Demaree, 2008), particularly the executive function 
(EF; Zelazo & Cunningham, 2007), and effortful control of emotional responding.  If the 
results are further replicated, it may facilitate the development of training programs aimed 
at expanding WMC and EF as a pathway to help individuals with a broad range of emotion 
regulation difficulties.   
 
This dissertation also represents the first empirical effort to investigate the role of 
feedback on emotion regulatory behaviors, an important yet understudied aspect in emotion 
regulation in general (Gross & Thompson, 2007), and flexible regulation in particular 
(Bonanno & Burton, 2013). Although the effect of external feedback on regulatory capacity 
was not as clear as was expected, it points to promising directions for future research. The 
finding that dysphoric or distressed individuals lack the capacity to improve affective 
regulatory efficacy by practice or following feedback provides further evidence to the 
relevance of flexibility in accounting for the relation of emotional regulation and adaptive 
adjustment (Bonanno & Burton, 2013).  
 
The two mechanisms through which response to feedback might mediate the ability 
to improve regulation explored in the study, unfortunately, did not yield significant results.  
While more replication is needed before conclusions can be made on the effects of 
feedback-related negative affect and strategy change on regulatory behaviors, several other 
factors that could also potentially impact regulatory performance over time warrant further 
discussion. First, individuals with higher level of negative affect, such as depression and 
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anxiety, tend to lack the motivation to implement regulatory strategies (Campbell-Sills & 
Barlow, 2007; Kring & Werner, 2004) and they also tend to hold lower expectancy in their 
capacity to regulate emotion (Catanzaro, 1997; Catanzaro & Mearns, 1990; Kassel, 
Bornovalova, & Mehta, 2007). These factors could all contribute to those individuals’ lack 
of change in regulatory efficacy over time, as was observed in the current study. 
 
Furthermore, the ability to accurately discern situational and contextual emotional 
demands (i.e. context sensitivity), and the availability of diverse regulatory abilities (i.e., 
repertoire), the other two components of regulatory flexibility (Bonanno & Burton, 2013), 
might also determine how well an individual is able to improve regulation through practice 
or following feedback. In fact, numerous studies have shown that depressed individual 
indeed have impaired ability to experience or express distinct emotions across various 
emotion-eliciting stimuli or events (e.g., Rottenberg et al., 2002; Rottenberg et al., 2005).   
 
Investigating how motivation, expectancy, and various abilities of regulatory 
flexibility, as well as the interaction of these factors, might impact individuals’ use of 
internal and external feedback to improve regulatory efficacy would not only enhance our 
understanding of the complex and dynamic emotion regulation processes, but also facilitate 
the development of treatment interventions targeting emotion regulation deficits across a 









Footnote 1: In Study 1, participants’ heart rate, skin conductance level, respiration rate, 
pulse finger transit time and self-reported affect also were assessed in the AF task, but were 
not used in the final analysis.  
Footnote 2: We investigated whether the corrugator modulation observed during regulatory 
instruction period in each trial under the three affective regulatory instructions was related 
to anticipatory regulation or carry-over effects from previous trails in the block.  An 
instruction (3) X trial (2; first vs. last) X time (8; 1 sec instruction and 7 sec picture 
presentation) ANOVA revealed that there was a general increase in corrugator response in 
the last trial compared to the first trial of the block (F(95,1) = 17.677, p < .001). However, 
this main effect did not interact with either regulatory instructions, p = .532, or time course 
of regulation, p = .332, and there was no instruction X trial X time interaction, p = .078. 
The results thus suggest that the differential corrugator levels during instruction 
presentation was more likely to reflect anticipatory regulation to different regulatory 
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Note: *** p < .001, ** p < .01.  
 
 
Table 2: Multiple regression predicting depression level (CES-D) by the abilities to 
enhance and suppress affect over time (change scores).   
 
 Self-reported affect Affect measured by EMG 
Variables        Fchange      R2change        Fchange      R2change 
Enhancement-Ability 
(change) 
 -1.140+ 0.979 .020 -0.268* 2.869+ 0.057 
Suppression-Ability 
(change) 
-0.267     -0.471**   
Group -0.098      -0.618   
Enhancement-Ability 
(change) X Group 
 0.845   0.209   
Suppression-Ability 
(change) X Group 
 0.036     0.495*   








Table 3: Multiple regression predicting overall psychological distress (GHQ) by the 
ability to enhance and suppress affect over time (change scores).   
 
 Self-reported affect   Affect measured by EMG 
        Fchange     R2change          Fchange       R2change 
Enhancement-Ability 
(change) 
-1.203 0.580 .012     -0.151 1.476 .030 
Suppression-Ability 
(change) 
-0.627   -0.432*   
Group -1.048       -1.408   
Enhancement-Ability 
(change) X Group 
 0.967   0.086   
Suppression-Ability 
(change) X Group 
 0.607   0.393   












Figure 2: Emotion ratings of subjective report and observed expression in the three 





Figure 3: Corrugator EMG (uV) in the four affective regulatory instruction conditions over 
the course of each image presentation in Study 1. Regulation instructions were delivered 
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Figure 4: Emotion rating of subjective report and observed expression in the three 




Figure 5: Corrugator EMG (uV ) in the three affective regulatory instruction conditions 
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Figure 6: Heart Rate (BPM) in the three affective regulatory instruction conditions across 
the two phases of the Affective Flexibility Task in Study 2. 
 
Figure 7: Associations between depressive score and the ability to suppression emotion 
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Expressive Flexibility Task Instructions 
Enhancement instruction: 
Shortly, you will be presented with a set of images. Please view each image carefully. While viewing the 
images, please do your best to express as fully as possible the emotions you feel while viewing the images. 
Remember that the person viewing you on the monitor can only see your head and part of your upper torso, 
and cannot hear you. It is important for the sake of this study that you do your best to communicate what you 
are feeling. So please do the best you can to behave in such a way that the person viewing you on a monitor 
will be able to guess what you are feeling while viewing the images. When you have viewed each image, you 
will be asked to rate the emotional reactions you had to the images. 
Suppression instruction: 
The monitor is on. Shortly, you will be presented with a set of images. Please view each image carefully. 
While viewing the images, please do your best to suppress as fully as possible any expression of the emotions 
you feel while viewing the images. Remember that the person viewing you on the monitor can only see your 
head and part of your upper torso, and cannot hear you. It is important for the sake of this study that you do 
your best to conceal what you are feeling. So please do the best you can to behave in such a way that the 
person viewing you on a monitor will not be able to guess what you are feeling while viewing the images. 
When you have viewed each image, you will be asked to rate the emotional reactions you had to the images. 
Monitor-off Natural instruction: 
The monitor is off. Shortly, you will be presented with a set of images. Please view each image carefully. The 
person in the other room will not be able to see you while you view this set of images. Simply view the images 
in any way you would naturally do so. When you have viewed each image, you will be asked to rate the 




Affective Flexibility Task Instructions 
View Neutral 
During this block, you will see only neutral pictures and be instructed to simply view the pictures. Before 
each picture, the word VIEW will be presented on the screen to remind you what to do. By view we mean that 
we would like you to respond to the pictures as you normally would respond to a neutral picture. You should 
not attempt to modify your reactions in any way. So, when you see the word VIEW, simply look at the picture 
and let yourself react in whatever way you normally would react to such a picture. 
View Negative 
During this block, you will see only negative pictures and be instructed to simply view the pictures. Before 
each picture, the word VIEW will be presented on the screen to remind you what to do. By view we mean that 
we would like you to respond to the pictures as you normally would respond to a negative picture. You should 
not attempt to modify your reactions in any way. So, when you see the word VIEW, simply look at the picture 
and let yourself react in whatever way you normally would react to such a picture. 
Enhancement Negative 
During this block, you will see only negative pictures and be instructed to increase the emotion you are 
currently feeling in response to the picture. Before each picture, the word INCREASE will be presented on 
the screen to remind you what to do. By increase we mean that we would like you to increase the intensity of 
the emotion you feel in response to the picture.  
Suppression Negative 
During this block, you will see only negative pictures and be instructed to decrease the emotion you are 
currently feeling in response to the picture. Before each picture, the word DECREASE will be presented on 
the screen to remind you what to do. By decrease we mean that we would like you to decrease the intensity 
of the emotion you feel in response to the picture.  
